INTRODUCTION
The significance of electricity in basic vital activities has been the subject of much speculation ever since potential differences were detected in living organisms. Among other things, fundamental guiding powers in morphogenesis have been ascribed to electrical forces. This paper is concerned with the use of electric current in the analysis of organic polarity. Experimental work of this kind also shows promise for a proper evaluation of electrical energy in life phenomena.
Investigation along this line may be traced to the observation of Elfving (1882) who found that the radicles of most seedlings will turn and grow toward the cathode. Lowerdaerz (1908) , early in the present century, contributed the next significant forward step when he pointed out that the orientation of seeds germinating in an electrical field affected the rate of growth. These two workers demonstrated the polar action of the current and polarity in the organism. Mathews (1903) measured potential differences in the hydroid Tubularia and found the polyp surface to be electronegative to the stolon surface. On the basis of this and other work he suggested that "the physiological polarity of the embryo or adult is due, in a measure at least, to the electrical differences or currents set up by an unequal degree of activity in the protoplasm at different regions. These currents traverse the surrounding protoplasm or cells, and like any constant current applied from outside, polarize the protoplasm or cells in a definite way, * I wish to express my thanks for grants from the Dyckman Fund of Columbia University and the Bio Club Fund of the College of the City of New York; and to Dr. L. G. Barth, my grateful acknowledgment for kindly criticism and unfailing interest.
causing alterations in their metabolism, and in the distribution of the cell contents .... "
In 1920, in a brief but interesting note Ingvar states that weak galvanic currents of the same order of magnitude as bioelectric currents normally reported for embryos, will affect the nature and direction of outgrowth of chick nerve cells in r/fro. Here for the first time there is experimental evidence for the correlation claimed between electrical forces and normal formative processes. The most extensive work in investigating this phenomenon has been done with hydroids. Lund published a series of papers (1921) (1922) (1923) (1924) showing that cathodal inhibition of polyp production by ObeZia internodes takes place in a range of 53 to 130 microamperes per sq. mm. of cross-section of sea water. It also appeared that the more apical internodes which are electrically more positive have a greater power of resistance to the inhibition. Lund suggested that inhibition of regeneration is due to reversal of the inherent bioelectric potential. In a further analysis of this relationship Barth found that electrical reversal of physiological and structural polarity, in Tub~aria, is indeed accompanied by a change in direction of the bioelectric current. But Barth (1934) points out, in a tabulation of the results with various species of hydroids used in his own and in Lund's work, that inhibition occurs in some forms at the anode and in some at the cathode; also that the sign of the inherent current at the apical end of the hydroid varies with different forms. It was also found that in Tub~daria reversal of the pole at which inhibition occurs appears with high currents. Thus the simple explanation offered by Mathews, and hitherto accepted, becomes untenable. The possibility is even introduced that the bioelectric current is perhaps more of a symptom than a cause of physiological dominance.
It appears t h a t plants, particularly because of their simpler symmetry, would be likely to give a clearer insight into the nature of the action of a bipolar force such as electricity. Besides, electrical modification of polarity in differentiated plant thalli t had never been demonstrated and before any v e r y general conclusions are drawn, or a n y v e r y fundamental significance attached to electrical action, a broader experimental basis is desirable. T h e experimental part of this paper is offered as a step in this direction.
I I

Material and Methods
Explorative experiments were performed upon several likely species of algae and liverworts. I wish to report in this paper the results obtained with the red 1 Lund (1923) has shown in the Fu~us egg that the first cleavage plane becomes oriented in relation to the electric field. alga, Gri~tltsia bornegiana, Farlow, as this form responded most clearly and completely to electrical stimulation. The work was done at the Marine Biological Laboratory at Woods Hole during the summers of 1932 and 1933.
GriUithsia thalli usually develop from spores. After several nudear divisions the spore cleaves once to form the rhizoid and then again to form the shoot (Fig. 1) . Under laboratory conditions this occurs within a day after the spores are shed and at this time the normal polarity of the plant is already established. The mature thallus consists of branched chains of large dub-shaped multinucleate ceils (Fig. 2) which vary in size from about 0.06 ram. in diameter at the apex to 0.65 by 2.5 ram. at the base. The anterior-p.osterior axis is clearly marked by the distinctive club shape with wider portion at the apex. Each ceil contains from 12 to 4,000 nuclei (Lewis, 1909) depending upon its age. The older basal cells produce long hair-like rhizoids which serve to attach the plant (Fig. 3) . The cell possesses a cellulose wall which encloses a thin cytoplasmic layer containing the nuclei, chromatophores, and other formed bodies. The chromatophores are most numerous. They are 50 to 100 times as plentiful as the nuclei. The bulk of the ceil consists of the large central vacuole. Pores, bordered by a thickened layer of cytoplasm, lead from one ceil to another. The diameter of the pores is about 10 micra, three times that of nuclei or chromatophores. Rhizoids originate as an accumulation of protoplasm and a concentration of pigment which pushes out at the head of a tubular prolongation of the vacuole of the mother cell. New shoots, on the other hand, are at once separated from the parent cell by cross wails.
The material used in the experiments was obtained in the tide wash at Nobska Point. It is first found about the middle of July and becomes scarce again toward the middle of August. As the season draws to a dose larger numbers of rhizoids are present on freshly collected material. While rhizoid formation is normally a feature of the basal ends of the basal cells, this secondary proliferation is often from the apical poles of medial and near basal ceils and occasionally even well up in the apical region. The displacement of rhizoids from their normal position is regarded by Child (1917) as an indication of the reversal of physiological polarity and may be experimentally produced, as he showed.
Under laboratory conditions dissociation of the plant into single ceils or chains of cells occurs commonly within a few days. The plant may then form new rhizoids and shoots. It is interesting that these rhizoids are often in an apical position upon the cells. While continued growth is very limited in the laboratory dissociation is regarded by Tobler (1906) as a normal means of propagation in nature.
For the purpose of the experiment a single plant was cut into small fragments which were exposed to direct galvanic current. The central part of the apparatus was a glass dish with sloping bottom to yield currents of varying intensity, The plant fragments were tied with strips of cellophane to glass cover-slips and these were rested below the surface of the water upon horizontal glass rods. Sea water dripped continuously into the dish at one end and was automatically siphoned off at the same rate at the other end. A complete change of water took place in this way about once every hour. Lighting was obtained from a 200 watt bulb suspended about a foot and a half above the plants. By means of a dish of water and a ground glass plate, overheating was prevented and the light diffused. The temperature was usually maintained at 22-23°C. but rose occasionally as high as 26-27°C. because of difficulties with water circulation. The electric current was led into and out of the experimental dish through 2 per cent agar bridges made up in sea water. These connected with Zn-ZnSO4 electrodes. The bridges were changed twice dally. It was found by tests with phenol red that this was ample to prevent contamination of the central dish with acid and basic products of electrolysis.
The typical procedure is illustrated in the following experiment. The material was collected on the morning of August 26, 1932. A medium sized sporic form in good condition and beating no rhizoids except upon the basal cells was cut into eighteen fragments of 100 to 200 cells each. These were arranged in three rows of four fragments. The depths of 1.5, 3.3, and 5.3 cm. in the experimental dish at these positions yielded current densities of 38.5, 17.5, and 10.9~ with a total current flowing of 100 milliamperes. Six fragments were retained as controls under identical conditions of lighting, temperature, and water. The electric current was started at 10.30 a.m. and continued without interruption, except when the agar bridges were changed, until August 29 at 4 p.m. Results were recorded immediately after the experiment.
I I I
EXPERIM2ENTAL
The following observations will serve to indicate the general nature of the results. With 38.53 plants with apexes toward the anode showed, in the larger cells, an accumulation of chromatophores in the apex of each cell (Fig. 4a) . In cells which lay across the current the accumulation was at that side of the cell toward the positive pole, and in those with bases toward the anode chromatophores had accumulated basally (Fig. 4b) . A color effect, distinct from that caused by the shift in chromatophores, was also observed. In the filaments as a whole the cells toward the cathode were much more pink than those toward the anode which were paler and often of a tan shade.
The most striking result of electrical treatment was the effect upon rhizoid origin. All rhizoids arose toward the anode regardless of the polarity of the cell. Cells with base toward the anode presented, therefore, a fairly normal appearance. In those oriented in the opposite direction rhizoids arose from the cell apexes (Fig. 5) . The camera lucida sketches (Text- fig. 1 ) are of cells lying in various positions in the field.
At the current intensity of 17.5~ results were similar in every way to those above but less marked. In those plants with apexes toward the anode the rhizoids were practically all apical in the apical region, % q-TF.xT-Fm. 1. Camera lucida sketches of cells lying in various orientations in the electrical field to show effect upon rhizoid origin. variable in origin in the near basal cells, and in the normal basal position upon the basal cells. With 10.9~ the chromatophore shift was absent, the color change slight, and the rhizoids, as with 17.5~, were not all electrically determined. It was interesting to note also that rhizoids were successively fewer in the 38.5, 17.5, and 10:95 current zones.
A. Effect o/the Electric Current upon Rhlzold Origin
In 1932 thirteen experiments of the kind described above were performed and it became evident that with proper current intensity the original polarity of the plant with regard to rhizoid formation was completely obliterated. It was found that the current first became effective in this way at about 10~ and that rhizoid determination was complete between 19 and 40~. Usually in any one experiment quantitative determination proved unnecessary, it being evident by inspection that rhizoids were completely, or with only few exceptions, oriented toward the anode. When the experiments are considered together it may be seen that a similar effect may be produced within a wide range of current intensity, apparently due to variability in the condition of the material. In six experiments, for example, observations were made between 30 and 406 and it was found that complete rhizoid determination occurred in four cases, a few exceptions were observed in one case, and there was no effect upon rhizoid origin in one. Two experiments both showed complete rhizoid determination between 20 and 306. Between 10 and 206 complete determination resulted in two cases, determination with occasional exceptions in ten, and there was no effect in three. Below 106 there was no effect in any out of three cases.
The influence of the electric current upon rhizoid origin was found to be so definite that few counts of rhizoids were made in 1932. In material collected late in the season there is, however, a natural tendency to produce rhizoids in an apical position upon the cells and this may confuse the results with electrical treatment. As has already been pointed out, Child (1917) believed reversal of rhizoid position to be an indication of physiological reversal of polarity, and found that "inhibiting agents" were able to bring this about. It has also been noted that laboratory conditions are harmful to Griffthsia and would be expected, therefore, especially when the material is in poor condition, to produce the same effect as specific inhibiting agents. In Table I , where there is a decided tendency in the controls toward apical rhizoid production, there appears to be tittle determinative effect of the current except at 396. In Table II the results of two experiments performed early in 1933 are presented. The rhizoids produced by the controls were basal, with few exceptions.
B. Frequency of Rhizoid Production in Relation to Current Intensity
It is of obvious importance to find out whether the determinative effect of the electrical current is due simply to an inhibition of rhizoid production toward the cathode. If this were the case we should expect sented from the latter viewpoint in Table III . It may be of significance that in the first two, performed early in the season, the rise in number of rhizoids is most marked and in the last two, performed toward the end of the season with material presumably in poorer condition, the rise is slight. In the range covered by Table III there is practically complete determination of the place of rhizoid origin. Beginning at about 40# or somewhat below, depending probably upon the condition of the material, the current produces injury and eventually death.
C. Polarity in Rhizoid Stimulation
It was frequently noticed that a greater number of rhizoids was produced by plant fragments oriented with apex toward the anode than by those oriented the opposite way. The results of three experiments are summarized in Table IV . It may be seen that plants with apex toward the anode produced 29.9 per cent rhizoids Number of rhizoids~ N~-"be~ / while those with apex toward the cathode produced 18 per cent and the controls 15.4 per cent. In order to show that when the apex is toward the anode there is actually a larger amount of rhizoid material produced and that the increased percentage is not due to the production of a large number of dwarfed rhizoids, the average measured length of the rhizoids is given in the fourth horizontal row, the total calculated rhizoid material in the fifth, and the amount of rhizoid per cell in the sixth. The significance of these results is obscured by several factors. Under natural conditions Gri~/ths/a cells produce rhizoids at their basal ends. With poor material collected late in the season, or material grown under the adversities of the laboratory, or after the addition of specific inhibiting substances there is a tendency toward the upset of normal polarity and rhizoids are frequently produced in apical positions upon the cells. Is the apical stimulation d rhizoids in an electrical field an indication of adverse conditions? This does not appear to be the case. The first action of electricity is to determine the site of rhizoid origin. In plants turned with base toward the anode all rhizoids originate, without exception, at the basal ends d the cells, i.e. toward the anode, while in plants lying alongside but oriented the opposite way all rhizoids are apical. The action of electricity is clearly the detemfining factor. Therefore, the relative stimulation of amount of rhizoid material in plants with apexes toward the anode should be regarded as a continuation of electrical action. This conclusion is supported by the fact that regardless of the natural rhizoid-producing tendency of the controls which may be basal or apical, the same polar stimulation of electricity is present.
D. Other Data Relating to the A ction of Electricity
In some experiments there appeared to be a correlation between size and frequency of rhizoids. In Text- fig. 2 such a case is presented.
Per ce at Below 13~ there is neither anodal determination nor increase in number of rhizoids above the controls. This portion of the curve is therefore disregarded for the present purpose. The decrease in size which sometimes accompanies large stimulation in number with high currents suggests that a limited amount of material is available. In Text- fig. 3 evidence is given that the number of rhizoids produced depends also upon the time of current action. For example, a current of 50~ acting for 24 hours had the same effect as one of 22~ acting for 72 hours. These facts are in accord with the suggestion that the current acts upon some material within the cell. If this is so, it should be possible by reversing the direction of the electrical flow to reverse the movement of the affected materials. The following data (Experiment 18, 1933) are illustrative of attempts in this direction. A current of 608 was allowed to act for 29 hours and then reversed for 36 hours. Thirty-one rhizoids were produced. Fourteen were toward the original anode and seventeen were formed in response to the reversed current. In the same experiment at 158, out of thirteen rhizoids only one seemed to be determined by the reversed current. There were two groups of controls. In one the material was treated with the current in the same direction for the duration of the experiment. Thirty-nine out of forty-one rhizoids were produced toward the anode. In the untreated controls rhizoids were practically all in basal positions upon the cells. In another experiment it was especially noted that after current reversal the same ceils which have already produced rhizoids may respond to the reversed current and will then show rhizoids at both apex and base. In Table V are summarized the results of three experiments in which the current was reversed.
E. Effect of the Electric Current upon the Cell Contents
The coappearance of morphological and electrophoretic phenomena is of great interest and possesses a certain theoretic value in that it indicates the actual penetration of the cell by sufficient current to produce displacement of formed bodies. At this time, in view of the probability shown by the data that the current acts by moving some material within the cell, work is offered which was designed to determine whether there is any causal relationship between rhizoid deterruination, the movement of chromatophores, and the color effect.
Color Changes in Grifithsia Cells
Freshly collected Grifithsia, in good condition, is pinkish lavender in color. The pigment is contained in the chromatophores. After the plants have remained in the laboratory for a few days the color fades to a pale straw, and when the cell dies it soon becomes entirely green. One of the criteria of good condition is color. Material which is pale when collected was found to be less viable than that more brightly colored. If a cell is injured by mechanical or other means a temporary flush of pink can be seen as the chromatophores release their pigment. (Also described by Osterhout, 1916 Osterhout, , 1922 .) On standing such cells become entirely green after a few hours, due to the escape of the red pigment to the surrounding sea water.
(a) Ir~ ~he Electrical Field
In the electrical field, as reported above, the color of the filaments often became graded from bright reddish lavender toward the cathode to pale straw at the anode. The question of course at once arose as to what this effect meant in terms of electrical action and what significance it had for rhizoid formation. The work of Priestley and Swingle (1929) in which it is claimed that a causal relationship exists between a pH gradient and the differentiation of cambium into phloem and xylem and also the differentiation of shoot and root, seemed suggestive. The possibility presented itself that the color gradient in Gri~hsia represented a pit change.
In view of the fact that chromatophores migrate in an electrical field it was necessary first to rule out changes in concentration of these bodies as the cause of the color effect. This could easily be done. The greater intensity in color appeared toward the cathode and graded off from cell to cell through the filament as a whole. On the other hand, c.hromatophores collected toward the anode and aggregation was observed in each cell. Also, with the microscope no difference in the number of chromatophores could be detected from cell to cell.
(b) With Acids and Bases
In order to see whether the color changes produced electrically could be reproduced by the use of acids and bases, crude tests with high concentrations of acids (HC1, propionic, carbonic, etc.) and bases (NH,OH, NaOH) were made. The color of the cells became altered to pink and green, respectively. The following results are typical. 3 to 6 drops (about ¼ cc.) of N NaOH added to 10 cc. of sea water containing Gri2~hsia cells resulted in a change to a bright pink color which immediately turned to green. The effect was reversible with HCI. An excess of acid left the cell bright pink. In distilled water the cells reddened distinctly within 5 minutes. 1 drop of N NaOH was then sufficient to turn them green, 1 drop of HC1 returned them to lavender, and 2 to 3 drops caused a pink appearance.
In experiments with currents as high as 5008 in a miniature apparatus on the stage of a microscope no change in color occurred within the time of observation (i.e,,, several hours). Mechanical injury under these conditions resulted in the appearance after a few minutes of a brilliant pink color toward the cathode and green toward the anode. The colors were like those which resulted from treatment with strong acid and base, respectively. With reversal of the current the coloration of the cell across a diameter of 0.5 mm. became reversed in 2 to 3 minutes.
The need for large pH changes or injury in an electrical field of relatively high intensity in order to produce color effects in the cells was puzzling in view of the changes obtained with small currents acting for several days without detectable injury. The following experiments were performed to throw light on this question.
Sea water was made up with acids and bases of the kinds used above to pH 4 to 11, in steps of approximately one half of a pH unit. Plant fragments were placed in these media for 3 to 4 days. In this way the exposure was comparable with that to the rhizoid-determining electric current. It was found that in the non-lethal range of 6 to 11 no color change occurred. To decide whether penetration of acid or alkali took place in the non-lethal pH range use was made of the Grfibler dyes, Cresylecht violet, brilliant vital red, and brilliant cresyl violet, which were kindly given to me by Dr. Josef Spek. Brilliant vital red gave a ready answer. This dye was taken up and concen= trated in the cell vacuole in a short time. Stained cells placed in media of pH 6 to 11 changed color in a few minutes indicating rapid penetration. It may be suggested that, barring injury, the action of the inorganic acids and bases may be through the penetration of COt which would be released by adding HC1, for example, to sea water. Inorganic alkali might cause CO~ to come out of the cell. This is an interesting point but does not alter the conclusion that the natural pigment of the cell is not responsive to these changes in pH. It is to be concluded therefore that the natural pigment of the cell is rela-tively insensitive to changes in acidity from 6 to 11, and as the cell will not survive a more extreme range the color changes in non-lethal electric currents cannot be due to changes of pH within the cell.
From these experiments it seems that the following factors are responsible for the color change which appears together with rhizoid determination. Chromatophores in ceils toward the anode suffer a loss of pink pigment which makes these ceils paler in color. The pigment moves toward the cathode from cell to cell and collects in cells lying toward this pole. It is suggested that the alteration in chromatophores may be of a cytolytic nature and is due perhaps to a change in salt concentration. Hypotonicity by exposure to distilled water causes loss of pigment. In the case of the electric current it is likely that salts are concentrated toward the anode and cytolysis may be the result of hypertonicity in this region. Such change in salt concentration must come from within since the cell retains full turgidity indicating that semipermeability is unimpaired.
It was shown that chromatophores of pale cells contain less pigment, by crushing under a cover-slip. Little pigment escaped from these while the brightly colored cells yielded a distinct flush of diffusing pigment.
Movement of Chromatophores
With regard to the movement of chromatophores within each cell toward the anode and the relation of this to anodal production of rhizoids it was decided that ehromatophore displacement by centrifugal means was the best method of attack.
An electric centrifuge which carried four tubes was used. The radius of rotation was 19 cm. In two tubes the material was placed with the plant apexes outward, i.e. centrifugally, and in the alternate two in the opposite direction.
In the first experiment the material was rotated at a speed of 800 to 900 revolutions per minute (approximately 150 × gravity) for 24 hours. The first signs of stratification became visible after about 20 minutes. After the centrifuge was stopped stratification (Fig. 6 ) persisted for several days. 6 days after centrifugation it was observed that in the material with apex centrifugally oriented many 3-celled shoots had developed. Those which had been placed in the opposite orientation in the centrifuge had few shoots and these consisted of only one or two cells. Rhizoids had developed on both sets but were larger and more numerous in those cells where the contents had been thrown basally.
In another experiment these results were confirmed and the distribution was recorded (Table VI) .
Where the cell bases were oriented centrifugally the average size of thirteen rhizoids was 2,250 ~; where oriented centripetally the average size of ten was 1,440/~. In the controls the average length of five rhizoids was 2,250# and of ten 3-celled shoots was 930/~. These results show that with centrifugation relative inhibition or stimulation of shoots and rhizoids at the respective poles of the cells may occur. In the next experiment centrifugation was for 22 hours at an average speed of 850 R. P.M. Results were recorded after 7½ days and are presented in Table VII . Fig. 8 shows some of the shoots which were displaced to the basal position and Fig. 7 is of material which had been centrifuged apically.
Thus both the galvanic current and the centrifuge are capable of moving chromatophores. In an electric field they collect toward the anode. Under the influence of the centrifuge they sink to the centrifugal pole. On the one hand the region of their accumulation is assodated with rhizoid formation and on the other with shoot production.
IV
CONCLUSION
The centrifuge and the electric current both appear to produce their morphogenetic effects by moving some material component of the cell. Doubtless, the fractionating power of these two forces is different, both in kind and in degree. In the case of the centrifuge lighter and denser materials are separated from water and substances in solution. The formation of new shoots seems associated with the region where heavier bodies are concentrated. It may be of some significance in this relation that differentiation of meristematic cells and the accompanying loss of formative power normally appear to be associated with dilution of the protoplasm and the formation of large water vacuoles. Optically at least, the centrifuge reverses this process and it may act as a mechanical means of moving water away from the centrifugal, shoot-producing pole. The possibility is therefore suggested that water removal and protoplasmic concentration may be the mechanism responsible for the results noted in the centrifuge experiments. The activation of cells by plasmolytic removal of water seems to be a comparable case; and this has been demonstrated by Kreh (1909) with liverwort thalli, Miehe (1905) with Cladophora, Btirger (1926) with mosses and ferns, and Prat (1932) with some marine algae.
With regard to the movement of chromatophores in an electrical field the response may be similar to the movement of plastids under the influence of light and not due to electrical motive power at all. The evidence seems to point to an actual electrophoresis, however, in that the movement of chromatophores is more marked with increase in current intensity up to and beyond the lethal point. In tactic phenomena such as response to light there is always, so far as I am aware, a point of maximal response sometimes followed by reversal with increased stimulation. The conclusion that the chromatophores are moved by electrical forces is important in that it indicates the penetration of the cell by sufficient current to produce electrophoretlc phenomena.
Any alteration in acidity in the cell would be of great significance because of the effect upon the viscosity and activity of the protoplasm. Ktihne's (1864) interpretation of electrically produced color changes in Tradescantia ceils as due to pH has been widely accepted, but the recent work of Blinks (1932) indicates that a migration of the normal pigment is responsible for the observations. Similarly, it has been shown in this paper that alteration of pH, although comparatively small changes have not been ruled out, cannot account for the color changes observed in Grifi~thsia, as only by the addition of lethal quantities of acid or alkali could the color effects be duplicated. It has been shown, moreover, that the red pigment of the chromatophores can be released in large quantity by mechanical injury and that the released pigment migrates toward the cathode. This is sufficient to account for the color changes; and has other significant aspects, as follows:
The observed migration of small amounts of pigment in living cells corroborates the conclusion that sufficient current traverses the cell to produce appreciable electrophoresis. The loss of pigment by chromatophores toward the anode seems explicable on the ground of changes in concentration of salts. Salt migrations under electrical influence are usual in inanimate systems and have also been postulated in living cells. Scheminzki (1924) , for example, accounts for anodal precipitation of proteins in trout eggs on the basis of loss of cations and the consequent effect upon the stability of the protein solution. It is suggested that some such phenomenon leading to impairment of the surface film of the chromatophores is responsible for loss of pigment.
The movement of chromatophores toward the anode, the movement of released pigment toward the cathode, the release of pigment by chromatophores at the anodal ends of the filaments together with the direct relationship of current intensity to the number of rhizoids produced, and the reversibility of the effects of the current here reported, all point to a causal relationship of rhizoid production in the electrical field to the movement of some material. The results with the centrifuge make it quite unlikely that the chromatophores themselves are responsible. It seems certain that less obvious migrations are involved; and Hardy (1913) has shown that electrical displacement of granules may take place in living material. Some very suggestive work has been done by Spek (1933) on various invertebrate and vertebrate eggs. Dr. Spek believes that granules of various kinds and the medium are capable of maintaining individual pH. Such organization of the protoplasm, he says, introduces wide possibilities for cataphoresis when we reflect that this system of differently charged particles is bounded by membranes in which definite potentials have been abundantly demonstrated. Cortical differentiation can be explained at once in the sense that some particles will be attracted to and others repelled by the membrane; and with a heterogeneous membrane bipolar differentiation can also be accounted for.
If the differentiation of egg cells is an electrophoretic phenomenon due to the migration of charged particles under the influence of membrane potentials, may we not, in view of the evidence contained in this paper assume a similar mechanism for the differentiation of rhizoids under the influence of an externally applied current? 2. Within the range used there is an increase in the number of rhizoids produced with increase in current intensity and a decrease in size of rhizoids.
3. Currents of lower intensity require a longer time to produce these effects than comparatively high currents.
4. The orientation of the plants in the electrical field seems to affect the number of rhizoids produced, in that plants with apexes toward the anode produce more rhizoids. 5. Together with anodal rhizoid determination there is migration of chromatophores toward the anodal side of each cell.
6. Displacement of chromatophores (and other cytoplasmic bodies) by the centrifuge does not affect the point of rhizoid origin, but does affect the shoots.
7. Together with anodal determination of rhizoids the algal filaments become graded in color, from bright pink toward the cathode to pale tan toward the anode.
8. Evidence is presented to show that this isnot dueto a pH change, but to a loss of pigment by chromatophores toward the anode and electrophoresis of the pigment toward the cathode.
9. In conclusion the probability is pointed out that the current acts in morphogenesis by moving particles of different charge. 
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